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DURABLE CHARGED PARTICLE COATINGS AND MATERIALS 

10 

BACKGROUND OF THE INVENTION 

This invention concerns coatings of charged particles onto substrates and methods 
15 of applying them. 

The coating of charged particles onto substrates has not been well-explored, nor 
has it been used widely in commercial applications. The bonding of negatively charged 
particles to substrates has historically been quite difficult as the substrates are generally 
also negatively charged. Electrostatic repulsion forces resulted in coatings that were less 
20 than optimal and that lacked durability. The overcoming of this adhesion barrier would be 
a significant improvement in the ability to produce and the quality of, charged particle 
coatings for substrates. 

SUMMARY OF THE INVENTION 

25 

In response to the difficulties and problems encountered in the prior art, new 
coatings and methods for coating have been developed for substrates. The coatings have 
high surface area particles that adhere to the substrates. 

The ability to produce charged particles with functionalized surfaces and bind them 
30 to substrates creates the possibility of producing new products in numerous areas, such as 
in odor absorption, surface catalysis, chemical warfare agent absorption and the like. 

The invention includes a substrate coating having a high surface area material and 
at least one metal ion adsorbed onto the high surface area material, durably coated onto 
a surface of a substrate. The high surface area material and the metal ion are capable of 
35 binding at least one like gaseous compounds, odorous compound, and combinations 

1 



5 thereof. The substrate may be used in an item like odor removing wipes, protective barrier 
clothing, air filters, printing substrates, face masks, storage and garbage bags, refrigerator 
liners, auto headliners, dryer sheets, and deodorizing T-shirts. 

The invention may be a durably coated fabric made from a fibrous substrate, a 
binder, and charged nanoparticles. It may also be a fabric made from fibers and 

10 sequentially deposited positively charged nanoparticles and negatively charged 

nanoparticles. The invention may be a substrate with a nanoparticle coating that has been 
durably attached to the substrate by ultrasonic energy. In another embodiment the 
invention may be a cellulosic fabric with nanoparticles where the nanoparticles have been 
added to the fabric in a wet-end addition. 

15 Methods for practicing the invention include mixing high surface area particles with 

a binder to produce a solution, saturating a fabric in the solution, removing the fabric and 
drying the fabric. It includes the method of dipping a fabric in an aqueous mixture of high 
surface area particles, drying the fabric, dipping the fabric in a binder solution, and drying 
the fabric. It includes the method of dipping the fabric in an aqueous first mixture of high 

20 surface area particles, drying the fabric, dipping the fabric in second mixture of high 
surface area particles, and drying the fabric. It includes the method of dipping the 
substrate in an aqueous mixture of high surface area particles while simultaneously 
exposing the substrate to ultrasonic energy. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a drawing of a nonwoven fabric 
Figure 2 shows a multilayer nonwoven laminate. 
Figure 3 is a drawing of a diaper in a partially opened view. 
30 Figure 4 is a drawing of a feminine hygiene pad. 
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5 Figure 5 shows a drawing of a soldier wearing an absorbent, light-weight, chemical 

protective suit. 

Figure 6 is a diagram of a fabric being exposed to ultrasonic energy while within an 
aqueous solution. 

10 

DETAILED DESCRIPTION 

The invention concerns coatings that have absorbing, high surface area materials, 
such as nanoparticles, modified with at least one metal ion, as well as substrates that are 

15 durably coated with such coatings. While the invention will be described hereinafter with 
particular reference to nanoparticles, it will be understood that the invention is useful with 
various high surface area materials. A number of different processes may be used to 
durably attach the modified high surface area materials to the substrate. The modified 
high surface area materials of this invention are useful in removing gaseous compounds 

20 and /or odorous compounds. 

"Gaseous compound" or "gas" includes any molecule or compound that can exist 
as a gas or vapor. This includes irritating agents like, for example, those used in chemical 
warfare agents or malodors found in the household environment. "Odorous compound" or 
"odor" refers to any molecule or compound detectable to the olfactory system. 

25 Durably coated means that the coating having the high surface area materials 

remains on the substrate for a longer time than it otherwise would have, but for the 
inventive process of applying the materials. Durability is therefore a relative test. This 
requires the preparation of a standard base substrate prepared by dipping a substrate into 
an aqueous solution of high surface area materials, nipping it to remove excess liquid and 

30 drying it. Virtually any test may subsequently be used for durability, but it is important that 
both substrates be tested in the same manner. When performing any test, it is important 
that the high surface area materials falling from the substrate be measured, and not the 



5 separation of individual fibers. The loss of individual fibers may mean that the high surface 
area materials remained tightly bound to the substrate but that the substrate was weak. 
Possible tests for durability include the crocking colorfast test, the Taber abrasion test, 
gravimetric testing, airstream exposure and elemental analysis, the 30 second clean room 
standard testing protocol and a liquid wash followed by a light scattering test. 

10 The substrates suitable for use in the practice of the invention include films, woven 

fabrics and nonwoven fabrics. 

Film may be made by any one of a variety of film forming processes known in the 
art such as, for example, by using either cast or blown film equipment. In the case of a 
multilayer film, the layers are desirably simultaneously made such as, for example, forming 

15 by co-extrusion as disclosed in US patents 4,522,203, 4,494,629 and 4,734,324. 

Examples of breathable barrier films suitable for use with the present invention are described 
in US patents 5,695,868, 6,309,736, 6,075,179, and 6,1 1 1 ,163. Such films, prior to 
stretching, desirably have a basis weight of less than about 100 g/m 2 and even more 
desirably less than about 60 g/m 2 . Upon stretching, multilayer films desirably have a basis 

20 weight of less than 60 g/m 2 and even more desirably between about 15 and 35 g/m 2 . 

"Fabric" means woven and nonwoven webs including, but not limited to webs such 
as tissues, towels, coform materials and fabric for clothing, furniture, vehicle, filtration and 
other applications. Fabrics may be made from cellulosic materials, cotton, polyesters, 
nylons, polyolefins, silk, and so forth, as well as combinations thereof. The majority of 

25 fabrics, particularly those made from cellulosic materials, tend to have negative electrical 
charges, i.e. negative streaming potential. 

"Clothing" is used herein in a broad sense and includes applications in medical 
care, military and police attire, sporting goods applications as well as casual, everyday 
clothing. 
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5 A nonwoven fabric is a structure of individual fibers or threads which are interlaid, but 

not in an identifiable manner as in a woven or knitted fabric. Nonwoven fabrics or webs have 
been formed from many processes such as, for example, meltblowing processes, 
spunbonding processes, airlaying and bonded carded web processes as described in more 
detail below. The basis weight of nonwoven fabrics is usually expressed in ounces of 
10 material per square yard (osy) or grams per square meter (gsm) and the fiber diameters 

useful are usually expressed in microns. (Note that to convert from osy to gsm, multiply osy 
by 33.91). 

A nonwoven fabric may comprise, in reference to Figure 1, fibers 10. The 
nonwoven fabric may be a multilayer nonwoven laminate as shown in Figure 2, showing 

15 layers 20 and 30 made from fabrics produced by different processes. Multilayer laminates 
generally may have a number of nonwoven layers in many different configurations and may 
include other materials like films. Laminates of breathable films and nonwoven fabrics also 
are considered to be within the teachings of this invention provided at least one of the 
layers contains absorbing, high surface area materials. 

20 A nonwoven fabric may be made according to processes like spunbonding, 

meltblowing, airlaying, bonding and carding, and so forth. Nonwoven fabrics may be made 
from thermoplastic resins including, but not limited to polyesters, nylons, and polyolefins. 
Olefins include ethylene, propylene, butylenes, isoprene and so forth, as well as 
combinations thereof. 

25 The term "fibers" means small diameter fibers having an average diameter not 

greater than about 75 microns, for example, having an average diameter of from about 0.5 
microns to about 50 microns, or more desirably, fibers may have an average diameter of from 
about 2 microns to about 40 microns. 

"Spunbonded fibers" are small diameter fibers which are formed by extruding molten 

30 thermoplastic material as filaments from a plurality of fine, usually circular capillaries of a 
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5 spinneret with the diameter of the extruded filaments then being rapidly reduced as described 
in, for example, US Patent 4,340,563 to Appel et al., and US Patent 3,692,618 to Dorschner 
et al., US Patent 3,802,817 to Matsuki et al., US Patents 3,338,992 and 3,341 ,394 to Kinney, 
US Patent 3,502,763 to Hartman, and US Patent 3,542,615 to Dobo et al. Spunbond fibers 
are generally not tacky when they are deposited onto a collecting surface. Spunbond fibers 

10 are generally continuous and have average diameters (from a sample of at least 10) larger 
than 7 microns, more desirably, between about 10 and 20 microns. 

"Meltblown fibers" means fibers formed by extruding a molten thermoplastic material 
through a plurality of fine, usually circular, die capillaries as molten threads or filaments into 
converging high velocity, usually hot, gas (e.g. air) streams which attenuate the filaments of 

15 molten thermoplastic material to reduce their diameter, which may be to microfiber diameter. 
Thereafter, the meltblown fibers are carried by the high velocity gas stream and are 
deposited on a collecting surface to form a web of randomly dispersed meltblown fibers. 
Such a process is disclosed, for example, in US Patent 3,849,241 to Butin et al. Meltblown 
fibers are microfibers which may be continuous or discontinuous, are generally smaller than 

20 10 microns in average diameter, and are generally tacky when deposited onto a collecting 
surface. 

As used herein, the term "coform" means a process in which at least one meltblown 
diehead is arranged near a chute through which other materials are added to the web while 
it is forming. Such other materials may be pulp, superabsorbent particles, natural polymers 
25 (for example, rayon or cotton fibers) and/or synthetic polymers (for example, polypropylene 
or polyester) fibers, for example, where the fibers may be of staple length. Coform 
processes are described in commonly assigned US Patents 4,818,464 to Lau and 4,100,324 
to Anderson et al. Webs produced by the coform process are generally referred to as coform 
materials. 

30 A bonded carded web is made from staple fibers which are sent through a combing 
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5 or carding unit, which breaks apart and aligns the staple fibers in the machine direction to 
form a generally machine direction-oriented fibrous nonwoven web. Once the web is 
formed, it then is bonded by one or more of several methods such as powder bonding, 
pattern bonding, through air bonding or ultrasonic bonding. 

In the airlaying process, bundles of small fibers having typical lengths ranging from 

10 about 3 to about 52 millimeters (mm) are separated and entrained in an air supply and then 
deposited onto a forming screen, usually with the assistance of a vacuum supply. The 
randomly deposited fibers then are bonded to one another. Examples of airlaid teachings 
include the DanWeb process as described in US patent 4,640,810 Laursen et al. and 
assigned to Scan Web of North America Inc, the Kroyer process as described in US patent 

15 4,494,278 Kroyer et al. and US patent 5,527,171 Soerensen assigned to Niro Separation 
a/s, the method of US patent 4,375,448 Appel et al assigned to Kimberly-Clark 
Corporation, or other similar methods. 

Multilayer nonwoven laminates are disclosed in U.S. Patent 4,041 ,203 to Brock et al., 
U.S. Patent 5,169,706 to Collier, et al, US Patent 5,145,727 to Potts et al., US Patent 

20 5,178,931 to Perkins etal. and U.S. Patent 5,188,885 to Timmonsetal. Such a laminate 
may be made by sequentially depositing onto a moving forming belt a first fabric layer, e.g. a 
spunbond layer, then at least a second fabric layer, e.g. a meltblown layer. Additional layers 
may be added as desired in a like manner. Alternatively, the fabric layers may be made 
individually, collected in rolls, and combined in a separate bonding step. Such fabrics usually 

25 have a basis weight of from about 0.1 to 1 2 osy (6 to 400 gsm), or more desirably from about 
0.75 to about 3 osy. 

Nonwoven fabrics may further be treated such as, for example, by embossing, 
hydroentangling, mechanically softening, printing or treated in another manner in order to 
achieve desired aesthetics or other characteristics. 
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5 Gas and/or odor removing particles of this invention are modified high surface area 

materials. High surface area materials useful in this invention have a large surface area 
due to the small size of the individual particles of the high surface area material. High 
surface area materials useful in this invention have a suitable surface area of at least about 
50 square meters/gram, suitably at least about 100 square meters/gram, and more suitably 

10 at least about 200 square meters/gram, and still more suitably at least about 500 square 
meters/gram or more. 

Nanoparticles are examples of high surface area materials. "Nanoparticle" refers 
to a high surface material having a particle diameter of less than about 500 nanometers. 
The nanoparticles used in the practice of this invention act as carriers for at least one metal 

1 5 ion present on the surface of the nanoparticle, and the metal ion creates an active site that 
binds with at least one gaseous compound and/or odorous compound thereby removing 
the compound from the surrounding environment. Nanoparticles can also absorb certain 
gaseous compounds and/or odorous compounds from the surrounding environment by 
adsorption directly onto the surface of the nanoparticles. Silica nanoparticles modified by 

20 copper ions or alternatively, by silver ions, for example, were demonstrated to be effective 
in removing amine and sulfur based classes of odorous compounds. 

Nanoparticles useful in this invention include silica, alumina, magnesium oxide, 
titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, organic nanoparticles such as 
polystyrene, and combinations thereof. Nanoparticles are not generally ionic yet still have 

25 an overall electric Zeta Potential. "Zeta Potential" refers to the electrical potential, or 
electrokinetic potential, that exists across the interface of all solids and liquids. Naturally 
occurring chemical reactions on the surface of a nanoparticle result in the Zeta Potential 
of that nanoparticle and nanoparticles may have either positive or negative Zeta Potentials. 
Silica nanoparticles, for example, are tetrahedral complexes of silicon dioxide molecules. 

30 On the surface of the silica particles the silicon dioxide molecules can undergo chemical 



5 reactions forming silanol groups (SiOH) which react with other silanol groups to form 
siloxane bonds (Si-O-Si bonds). The dehydration reactions of the silanol groups to form 
the silanol bond and the reverse reactions result in a negative Zeta Potential and allow 
positively charged metal ions to adsorb onto the silica. 

The nanoparticles useful in this invention will typically have a first Zeta Potential 

10 and a second Zeta Potential after adsorption of the metal ion onto the nanoparticle due to 
the addition of the oppositely-charged metal ions. The Zeta Potential change of the 
nanoparticle is related to the quantity of metal ions adsorbed onto the nanoparticle. This 
relationship provides a measurement for determining the amount of adsorbed metal ions 
and a method for controlling the amount of adsorption. For instance, the addition of a 

15 dilute solution of copper chloride drop-wise to a silica nanoparticle solution until the Zeta 
Potential of the silica suspension changed from -25 millivolts to a higher Zeta Potential, 
such as in the range of about -5 millivolts to -15 millivolts, was found to provide a sufficient 
concentration of metal ions adsorbed onto the nanoparticles to remove particular odorous 
compounds. The nanoparticle may have a difference between the first and second Zeta 

20 Potential of at least about 1 .0 millivolt and suitably at least about 5.0 millivolts. 

The nanoparticles are modified with metal ions that bond with compounds such as 
gases and odorous compounds. "Metal ion" refers to salt ions and/or ion complexes of 
transition metal elements designated as IB through VII IB on the periodic table. Other ions 
can be used in the invention as well. Metal ions are adsorbed onto high surface area 

25 materials due to differences in electric potential. Positively charged metal ions are 

adsorbed onto a negatively charged surface of a nanoparticle and vice versa. Examples 
of metal ions useful in this invention include, without limitation, copper ion (Cu +2 ), silver ion 
(Ag +1 ), gold ion (Au +1 and Au +3 ), iron (II) ion (Fe +2 ), iron (III) ion (Fe +3 ), permanganate ion 
(Mn0 4 " 1 ) f and combinations thereof. 
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5 The nanoparticle may have a negative Zeta Potential and adsorb positively 

charged metal ions. One suitable nanoparticle has a negative Zeta Potential of about -1 to 
-50 millivolts and suitably about -1 to -20 millivolts and is a silica nanoparticle. A number 
of silica nanoparticles useful in this invention are available from Nissan Chemical America 
Corporation, (Houston, Texas, USA) under the tradename SNOWTEX® and have a 

10 particle size range of 1-100 nanometers. The silica nanoparticle can be modified with a 
positively charged metal ion such as copper ions, silver ions, gold ions, iron ions, and 
combinations thereof. More information on SNOWTEX® particles may be found at 
www.snowtex.com. 

Yet another useful nanoparticle has a positive Zeta Potential and adsorbs 

15 negatively charged metal ion complexes. One suitable nanoparticle has a positive first 
Zeta Potential of about 1 to 70 millivolts and suitably about 10 to 40 millivolts and may be 
an alumina nanoparticle. Alumina nanoparticles are available from Nissan Chemical 
under the tradename ALUMINASOL®, and have a size range of about 1-300 nanometers. 
Another alumina coated silica nanoparticle having a positive Zeta Potential is available 

20 from Nissan Chemical under the tradename SNOWTEX® AK. The alumina nanoparticle 
can adsorb negatively charged metal ions and metal ion complexes such as 
permanganate ions. 

It is also possible to bond metal and silica particles to form a "coordinate" and/or 
"covalent bond." This may have a variety of benefits, such as reducing the likelihood that 

25 any of the metal will remain free during use (e.g., after washing). Strong adherence of the 
metal to the silica particles, further, also optimizes odor adsorption effectiveness. 
Numerous techniques may be utilized to form a stronger bond between the transition metal 
and silica particles. Silica sols, for example, are generally considered stable at a pH of 
greater than about 7, and particularly between a pH of 9-10. When dissolved in water, 

30 salts of transition metals are acidic (e.g., copper chloride has a pH of approximately 4.8). 
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5 Thus, when such an acidic transition metal salt is mixed with a basic silica sol, the pH is 
lowered and the metal salt precipitates on the surface of the silica particles. This 
compromises the stability of the silica particles. Further, at lower pH values, the number 
of silanol groups present on the surface of the silica particles is reduced. Because the 
transition metal binds to these silanol groups, the capacity of the particles for the transition 

10 metal is lowered at lower pH values. In order to ameliorate the pH-lowering affect caused 
by the addition of an acidic transition metal salt (e.g., copper chloride), certain 
embodiments of the present invention employ selective control over the pH of the silica 
particles during mixing with the transition metal. The selective control over pH may be 
accomplished using any of a variety of well-known buffering systems known in the art. 

15 The use of pH control in the modification of silica nanoparticles was demonstrated 

using a 10 weight percent suspension of SNOWTEX-OXS® nanoparticles having an 
unmodified particle size of 4 to 6 nm. The pH of the solution was adjusted to 8.7 and then 
added to a solution of copper chloride with high mixing shear (about 1 0,000 rpm). The pH, 
Zeta potential and particle size were monitored and when a positive Zeta potential was 

20 obtained the addition of copper chloride was stopped. The resulting copper modified 

nanoparticle had a particle size of about 43 nm and a surface area of about 500 square 
meters per gram. 

Other techniques may also be utilized to further enhance the strength of the bonds 
formed between the transition metal and the silica particles. Coupling agents in an 

25 effective amount may be used to link the transition metal to the silica particle, for example. 
Such coupling agents may be employed with or without the pH adjustment discussed 
above. In some cases, an organofunctional silane coupling agent may be used to link the 
transition metal to the silica particles. Some examples of suitable organofunctional silane 
coupling agents that may be used include, but are not limited to, vinyltrichlorosilane, 

30 vinyltrimethoxysilane, vinyltriethoxysilane, vinylmethyldichlorosilane, 
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5 vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, 5-hexenyltrimethoxysilane, 
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyItriethoxysilane, 
3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldiethoxysilane, 
3-(meth)acryloxypropyltrimethoxysilane, 3-(meth)acryIoxypropyltriethoxysilane, 
3-(meth)acryloxypropylmethyldimethoxysilane, 

1 0 3-(meth)acryloxypropylmethyldiethoxysilane, 4-vinylphenyltrimethoxysilane, 
3-(4-vinylphenyl)propyltrimethoxysilane, 4-vinylpheny!methyltrimethoxysilane, 
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 
3-aminopropylmethyldimethoxysilane, 3-aminopropylmethyldiethoxysilane, 
3-(2-aminoethyl)aminopropyltrimethoxysilane, 3-mercaptopropyltrimethoxysilane, 

1 5 3-mercaptopropyItriethoxysiIane, 3-mercaptopropylmethyldimethoxysilane, 

3-mercaptopropylmethyldiethoxysilane, and partial hydrolyzates thereof. Of these 
coupling agents, organofunctional alkoxysilanes, and particularly aminofunctional 
alkoxysilanes (e.g., 3-aminopropyltriethyoxysilane), are preferred. 

Generally speaking, the silane coupling agents may be covalently linked to the 

20 silica particles through the silanol groups (Si-OH) present on the surface thereof. 

Specifically, the silicon atom of the silane coupling agent may form a covalent bond with 
the oxygen of the silanol group. Once the silane coupling agent is covalently linked to the 
silica particles, the organofunctional group may form a coordinate bond with the transition 
metal. Copper, for example, may form a coordinate bond with different amino groups 

25 present on aminopropyltriethoxysilane coupling agents. 

The addition of a metal ion adsorbed onto the surface of a nanoparticle provides an 
active site for capturing and neutralizing gases and odorous compounds. In addition, 
modified nanoparticles still have a large surface area that is useful in absorbing other 
odorous compounds. The metal ion active sites of the modified nanoparticles are useful in 

30 removing odorous compound such as mercaptans, ammonia, amines, mono- and 
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5 di-sulfides, and hydrogen sulfide. Other odorous compounds such as aliphatic ketones, 
carboxylic acids, aliphatic aldehydes, and aliphatic terpenoids can be removed by 
adsorption onto the large surface area of the modified nanoparticles. Modified 
nanoparticles are useful in removing odors caused by sulfides, disulfides, trisulfides, thiols, 
mercaptans, ammonia, amines, isovaleric acid, acetic acid, propionic acid, hexanal, 
10 heptanal, 2-butanone, 2-pentanone, 4-heptanone, and combinations thereof. Modified 
nanoparticles can also remove gases such as ethylene gas, carvone, dienals, and 
terpenoids. 

More than one type of metal ion can be coated on a nanoparticle. This has an 
advantage in that certain metal ions may be more effective at removing specific gases 

1 5 and/or odorous compounds than other metal ions. More than one type of metal ion may be 
adsorbed onto a nanoparticle for more effectively removing more than one type of gaseous 
compound or odorous compound from a medium or for removing at least one gaseous 
compound and at least one odorous compound from a medium. The use of two or more 
different modified nanoparticles in combination can remove numerous odorous 

20 compounds. Modified silica nanoparticles, for example, are useful for removing sulfur 

containing compounds and amine odors and modified magnesium oxide nanoparticles are 
useful in removing carboxylic acid odors. Combining modified nanoparticles allows for 
removal of a broader range of odors. 

Modified nanoparticles are made by mixing nanoparticles with solutions containing 

25 metal ions. Such solutions are generally made by dissolving metallic compounds into a 
solvent, resulting in free metal ions in the solution. The metal ions are drawn to and 
adsorbed onto the nanoparticles due to the electric potential differences. The Zeta 
Potential of a nanoparticle changes after the adsorption of metal ions and so the Zeta 
Potential can be used to monitor the adsorption of metal ions onto the nanoparticle. 
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5 Further discussion of the modification of nanoparticles may be found in US patent 

application 10/137052, filed on April 30, 2002, which is incorporated by reference. 

The high surface area materials used in the practice of the invention may be added 
to a substrate in an amount between about 0.01 and 20 weight percent, desirably between 
about 0.1 and 10 weight percent, more desirably between 0.5 and 5 weight percent. 

10 Binders are used in certain aspects of the invention as discussed below. The 

binder may be, for example, a KYMENE® binder (from Hercules Industries, Inc., 
Wilmington, DE, USA) or polyethyleneimine (from Polysciences, Inc., of Warrington, PA, 
USA or Aldrich Chemical Company, Milwaukee, Wl, USA,) and similar materials. The 
amount of binder is desirably between about 0.01 and 5 weight percent. 

1 5 Substrates having gas and odor absorbing, high surface area materials are suitable 

for use in many commercial articles like, for example, personal care products, odor 
removing wipes, protective barrier clothing, air filters, printing substrates, face masks, 
storage and garbage bags, refrigerator liners, auto headliners, dryer sheets, deodorizing 
T-shirts and so forth. 

20 "Personal care product" means diapers, training pants, absorbent underpants, adult 

incontinence products, and feminine hygiene products. 

Personal care products generally include an outer cover which is the most exterior 
layer, a liner which goes against the wearer, and may also contain other layers and 
materials between them, such as, for example, absorbent structures that are typically 

25 made with superabsorbents and cellulosic materials. The outer cover functions to prevent 
body exudates contained in an absorbent structure from wetting or soiling the wearer's 
clothing, bedding, or other materials contacting the product. The outer cover may be, for 
example, a polyethylene film or a woven or nonwoven fabric. The liner serves to isolate the 
wearer's skin from the liquids held in an absorbent structure and should be compliant, soft 

30 feeling and non-irritating. Liners are commonly nonwoven fabrics made, for example, from 
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5 spunbond polypropylene. Figure 3 s a drawing of a diaper 40 showing the outer cover 42, 
the liner 44 and the absorbent structure 46. Figure 4 shows a feminine hygiene pad 70 
having an outer cover 72, liner 74 and absorbent structure 76. 

In another aspect of this invention, the substrate having the durable coating is used 
to absorb gases that plants produce to ripen fruit. Ethylene gas is produced by plants as 

10 a hormone to aid fruit ripening. Removing ethylene gas as it is produced can slow and 
control the fruit ripening process. Permanganate ion modified alumina nanoparticles are 
useful in removing ethylene gas and such nanoparticles may be added to breathable films, 
nonwoven fabrics or multilayer laminates using the methods described above. The 
substrate can then be used in packaging and storing fruit to inhibit ripening by removing 

15 ethylene gas. 

Protective barrier clothing includes clothing used in any application where protection 
from airborne chemical agents is important, since many chemically irritating moieties act in 
the same manner as odor containing chemicals and so may be rapidly absorbed and 
neutralized by the coatings and substrates of this invention. In another aspect the substrate 

20 is used to produce clothing for protection against chemical warfare agents. Figure 5 shows 
a drawing of a soldier wearing an absorbent, light-weight, chemical protective suit 80. 
Airborne chemical agents designed to irritate the body may be absorbed by the high 
surface area material-coated substrates of the invention. 

The absorbing, high surface area materials of this invention may be added to 

25 substrates in a number of ways. The substrate may be dipped into a solution containing 
high surface area materials, removed from the bath, and either dried or passed through a 
nip to remove excess solution and then dried. The treated substrate may then be dipped 
in a second solution containing a binder and dried. The binder causes the charged 
particles to remain on the fiber despite electrostatic forces to the contrary. The binder may 



5 alternatively be added to the high surface area material solution prior to the first dip, thus 
allowing for only one dip and nip step. 

Alternatively, since positively charged particles like, for example, SNOWTEX-AK® 
nanoparticles from Nissan Chemical are believed to adhere to negatively charged fibers, 
a fabric substrate containing negatively charged fibers may be treated with a solution of 

10 positively charged nanoparticles and allowed to dry. The dried substrate may be 

subsequently treated with a solution of negatively charged nanoparticles like, for example, 
SNOWTEX-PS® nanoparticles from Nissan Chemical. The negatively charged particles 
will adhere to the positively charged particles which in turn adhere to the negatively 
charged substrate, resulting in the desired addition of particles. A binder is optional in this 

15 aspect and may be added to either nanoparticle solution or as a separate step after the 
second nanoparticle addition. 

In yet another alternative, the substrate, in the presence of the odor absorbing, high 
surface area materials, is exposed to ultrasonic energy. It is believed, though the inventors 
do not wish to be bound by this belief, that ultrasonic energy introduced to an aqueous 

20 solution of the high surface area materials will cause a change in the temperature and 
pressure of the solution in the micro-environment at the tip of the ultrasonic horn. This 
change causes the high surface area materials to adhere durably to the substrate. This 
method is well suited for use with polymeric nonwoven fabrics, which, while having a weak 
negative charge, tend to be highly hydrophobic, thus making less aggressive treatment 

25 methods less effective on such substrates. The introduction of ultrasonic energy to the 
aqueous solution and substrate appears to overcome the natural hydrophobicity of the 
polymeric substrates. The energy requirement for this method, at laboratory scale, is 
generally between 1 and 10 kilowatts, more desirably between 1.5 and 5 kilowatts, and 
most desirably about 2 kilowatts as measured by the output of the ultrasonic unit. 



16 



5 Ultrasonic bonding has been used previously as a method of bonding two or more 

materials by passing the materials between a sonic horn and anvil roll in air, as described in 
US Patent 4,374,888 to Bornslaeger. The inventors have found, however, that a substrate 
may be immersed in a high surface area material solution into which may be submerged 
the horn of an ultrasonic bonding machine and that this can cause the aqueous solution to 

10 wet the usually hydrophobic fibers and to cause suspended or dissolved materials (e.g. the 
high surface area materials) to be deposited onto the surface of the fibers. Unlike in air, 
which is highly compressible, the aqueous solution in which the horn and substrate are 
immersed transmits the sonic energy efficiently from the horn to the adjacent substrate. 
The solution of high surface area materials may also contain a binder. 

15 Figure 6 is a diagram of a fabric being exposed to ultrasonic energy while within a 

bath of aqueous high surface area material. The fabric 90 moves in the direction of the 
arrows and passes next to the end of the ultrasonic horn 92 while the horn 92 is immersed 
in the solution 94. The fabric 90 moves away from the horn 92 to storage, not shown. 
Manufactures of suitable ultrasonic equipment include Branson Ultrasonic Corporation, 

20 Applied Technology Group, Danbury, CT, USA, UE Systems Inc. of Elmsford, NY, USA, 
Mecasonic SA of Chatou, France, and Dukane Corporation, St. Charles, IL, USA. 

In yet another method, the nanoparticles may be added, with or without a binder, to 
the "wet-end" of a cellulosic substrate process like, for example, paper making. In this 
method, the particles are added to a large container having an aqueous suspension of 

25 fibers from plant sources like trees. The fibers are conventionally wet-laid upon a forming 
sheet and moisture is removed, thus forming the cellulosic sheet. The sheet may be a 
tissue, paper, and the like. Sheets thus produced have a durable coating of nanoparticles. 
The following examples aid in the understanding of the invention. 

30 
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ExampI 1 

Base sheet preparation: A dilute suspension of modified silica nanoparticles was made by 
adding SNOWTEX-AK® nanoparticles from Nissan Chemical to deionized water to 
produce a 2 weight percent solution. A solution of 5 weight percent copper chloride (CuCI 2 ) 
from Aldrich Chemical in an amount of 1 20 milliliters was added to 1 1 20 ml of the 2 weight 
percent nanoparticle solution. Approximately 28.75 grams of Acid Blue 45, also from 
Aldrich Chemical was added to the above solution. A SCOTT® paper towel from Scott 
Paper Company of Mississauga, Ontario, Canada, was coated with the solution by dipping 
and allowed to dry in air at room temperature to produce an odor control sheet. 
Durable coating: A solution containing 1 weight percent KYMENE® 625 LX binder from 
Hercules Incorporated, Wilmington, DE, USA, was prepared. The base sheet was dipped 
in the KYMENE® binder solution, passed through a nip to remove excess liquid and cured 
at 80 °C for one hour. 

Durability Testing: Five repetitions of each sample of odor control base sheet and 
KYMENE® binder treated sheet were tested according to the 30 second clean room 
standard testing protocol. 

The 30 second clean room protocol is carried out in a room that meets class 100 clean 
room quality or better. A 23 cm by 23 cm sample is clamped between two holders that 
have a flexing stroke of 1 1 9.8 mm with a twist of 180 degrees at a rate of 60 cycles/minute. 
The stroke is affixed to the base of a Gelbo Flex unit, available from US Testing Co., Inc. 
of Hoboken, NJ, USA. The Flex unit is enclosed in a 1 cubic foot (28317 cm 3 ) box. An 
airflow of 1 cubic foot per minute flows through the box to a laser particle counter as the 
test proceeds. Laser particle counters include Model 200 L from Met One, Inc., of Grants 
Pass, OR, USA and Model C1-7350 from Climet Instrument Co. of Redlands, CA, USA. 
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The results, in Table 1 , show a dramatic decrease in the shedded particle counts after 
binder treatment, such as, for example, from 57,841 counts to 8557 counts for 0.5 micron 
size particles. 





Table 1 
Particle Size 


Particle Count 

Base Sheet 


Binder Treated Sheet 


10 


10 microns 


100 


108 




5 microns 


417 


174 




1 micron 


18194 


2465 




0.7 microns 


35230 


4813 




0.5 microns 


57841 


8557 


15 


0.3 microns 


78019 


13362 



Example 2 

Base sheet preparation: An odor control sheet was prepared in the same manner as in 
Example 1 . 

20 Durable coating: A solution containing 1 weight percent KYMENE® 625 LX binder from 
Hercules Incorporated, Wilmington, DE, USA, was prepared. The odor control sheet was 
dipped in the KYMENE® binder solution, passed through a nip to remove excess liquid 
and cured at 80 °C for one hour. 

Durability Testing: Five repetitions of each sample of odor control base sheet and 
25 KYMENE® binder treated sheet were tested according to the 30 second clean room 
standard testing protocol. The results, in Table 2, show a dramatic decrease in the 
shedded particle counts after binder treatment, such as, for example, from 57,058 counts 
to 1 5,731 counts for 0.5 micron size particles. 



30 
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Table 2 
Particle Size 



Particle Count 
Base Sheet 



Binder Treated Sheet 



10 microns 
5 microns 
1 micron 
0.7 microns 
0.5 microns 
0.3 microns 



128 

588 

19357 

35598 

57058 

76558 



53 

161 

4932 

9551 

15731 

21248 



Example 3 

Base sheet preparation: An odor control sheet was prepared in the same manner as in 
Example 1 . 

Durable coating: A solution containing 1 weight percent branched polyethyleneimine (PEI) 
having a molecular weight of about 10,000, available from Polysciences Inc. of Warrington, 
PA, USA, was prepared. The odor control sheet was dipped in the PEI binder solution, 
passed through a nip to remove excess liquid and cured at 80 °C for one hour. 
Durability Testing: Five repetitions of each sample of odor control base sheet and PEI 
binder treated sheet were tested according to the 30 second clean room standard testing 
protocol described above. The results, in Table 3, show a dramatic decrease in the 
shedded particle counts after binder treatment, such as, for example, from 57,058 counts 
to 36,409 counts for 0.5 micron size particles. 
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Table 3 
Particle Size 



Particle Count 

Base Sheet 



Binder Treated Sheet 



10 microns 
5 microns 
1 micron 
0.7 microns 
0.5 microns 
0.3 microns 



128 

588 

19357 

35598 

57058 

76558 



419 

1056 

13985 

23898 

36409 

47430 



The odor removing capability of the binder-treated sheets were tested for thiol odor 
removal using the GC headspace procedure with ethyl mercaptan (1 ul) as the odorant. 
This test uses a gas chromatography column, in this case a model DB-624:30 m, 0.25 mm 
ID. 1 .4 micron film, catalog number 122-1334. serial number 8847844, from J&W Scientific, 
Inc. of Folsom, CA, USA. The GC unit was Agilent Technologoes 5890 GC with 7694 
headspace analyzer with flame ionization detector. The headspace parameters were: 
oven temperature 37 °C, loop temperature 85 °C, transfer line temperature 90 °C, GC cycle 
time 10 min., vial equalization time 10 min., pressurization time 0.2 min. loop fill time 0.2 
min, injection time 0.3 min. The gas chromatographic parameters were: oven temperature 
35 °C for five min.. inlet temperature 1 05 °C, detector temperature 225 °C, and run time 5 
minutes. Samples were weighted and place into the headspace vials without touching the 
bottom of the vial. The ethyl mercaptan was placed into the bottom of the vial using a 
microliter syringe. The vial was immediately crimped to seal in the gases. The amounts 
of odor for 20 - 200 percent odor removal by the sample were adjusted by dilution with 
hexane. The samples were prepared 10-60 minutes before running. Standard samples 
using the same amount of odor were run without a sample in the vial. Percent removal of 
odor was calculated by subtracting the area of the ordo remaining from the total odor area 
and dividing by the total odor area. Gas chromatographic analysis indicated that the thiol 
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binding capability of the basesheet was not diminished significantly by the addition of the 
polymeric binder. 

Example 4 

A dilute suspension of modified silica nanoparticles was made by adding 
SNOWTEX-O® nanoparticles from Nissan Chemical to deionized water to produce a 2 
weight percent solution. A second solution was prepared by adding 1 32.5 mg of 
polyethyleneimine (PEI) (Polysciences Inc.) having a molecular weight of about 1800, to 
1 1 0 ml of di-ionized water. A 0.5 ml amount of the PEI solution was added to 300 ml of the 
nanoparticle solution with the further addition of CuCI 2 (Aldrich Chemical) in a sufficient 
amount to make a 0.067 weight percent solution of CuCI 2 . 

A KLEENEX® paper towel was dipped in the resulting solution for 1 minute, passed 
through a nip to remove excess liquid and dried at room temperature. 
Durability Testing: The treated KLEENEX® towel, and a KLEENEX® towel treated in a like 
manner but without PEI, were hung on a line and blown by an HT-800-19 series fan, 
manufactured by Honeywell of Southborough, MA, USA at half speed for 24 hours. The 
fan-blown towels were analyzed by furnace elemental analysis to determine the silicon 
content before and after blowing. It was found by the analysis that the sample without PEI 
had lost about 9 percent of its Si content as a result of the fan blowing. The sample with 
PEI lost no silicon, indicating that the silica nanoparticles were well bonded to the towel. 
The odor removal capability was also tested and found to be essentially the same for each 
sample. 

Example 5 

A dilute suspension of modified silica nanoparticles was made by adding 
SNOWTEX-O® nanoparticles from Nissan Chemical to deionized water to produce a 2 
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5 weight percent solution. CuCI 2 (Aldrich Chemical) in a sufficient amount to make a 60:1 
mole ratio of copper ions to silica nanoparticles was added. A solution containing 1 weight 
percent KYMENE® 625 LX binder from Hercules Incorporated, Wilmington, DE, USA, was 
prepared. The nanoparticle/copper solution was added to the KYMENE® binder solution 
with vigorous stirring for 20 minutes. This solution was added to a solution containing 1 

10 weight percent cellulose pulp fibers with vigorous stirring. 

A sheet was formed by wet-laying the above solution and drying it at 100 C to produce a 
paper towel having a basis weight of 40 gsm. The add-on rate was determined to be 2 
weight percent. 

Durability Testing: The dried sheet was tested using the 24 hour fan blowing test 
1 5 described above in Example 4. No significant weight loss was detected by gravimetric 
analysis. The odor removal capability was also tested according to the GC headspace 
procedure described above in Example 3. Ethyl mercaptan was removed at a rate of 0.9 
mg/g of sample for the inventive towel versus a rate of 0 mg/g for an untreated towel. 

20 Example 6 

A dilute suspension of modified silica nanoparticles was made by adding 
SNOWTEX-AK® nanoparticles from Nissan Chemical to deionized water to produce a 5 
weight percent solution. CuCI 2 (Aldrich Chemical) in a sufficient amount to make a 60:1 
mole ratio of copper ions to silica nanoparticles was added. A piece of a 

25 polyester/cellulose wetlaid fabric from Ahlstrom Corporation of Windsor Locks, CT, USA, 
and having a basis weight of 18.6 gsm, was dipped in the resulting solution for about 1 
minute, passed through a nip to remove excess liquid and dried at room temperature. A 
second solution of SNOWTEX-PS® nanoparticles from Nissan Chemical was prepared, at 
a concentration of 2.5 weight percent, also having CuCI 2 (Aldrich Chemical) in a sufficient 

30 amount to make a 60:1 mole ratio of copper ions to silica nanoparticles. The cationically 
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modified wetlaid fabric was dipped in the resulting (second) solution for 1 minute, passed 
through a nip to remove excess liquid and dried at room temperature. The add-on rate for 
the nanoparticles was 15.4 weight percent plus or minus 1 .2 weight percent, with about 7.8 
weight percent being from the first dip and the balance from the second. 
Durability Testing: This has not been completed by the inventors believe that the treated 
sheet will show greater durability of the coating than a similar sheet with only a coating of 
SNOWTEX-PS® nanoparticles. 



Example 7 

A dilute suspension of modified silica nanoparticles was made by adding a solution 
of 1 weight percent CuCI 2 (Aldrich Chemical) and a solution! of 20 weight percent 
SNOWTEX-AK® nanoparticles (Nissan Chemical) to 850 ml deionized water in amounts 
according to Table 4 below. Note that the amounts of CuCI 2 and nanoparticles in Table 4 
are in grams. Pieces of meltblown polypropylene nonwoven fabric having a basis weight 
of 35 gsm and measuring 3.5 inches by 30 inches (8.9 cm by 76.2 cm) were passed around 
the tip of an ultrasonic horn submerged in the solution. The ultrasonic horn was a 2000 
watt Branson 920iw bonder with a 0.5 by 6 inch (1 .27 cm by 15.24 cm) horn and 1 :1 .5 
booster, available from Branson Ultrasonics. Tension was maintained on the fabric by 
hand so it was sliding directly across the submerged horn face at a rate of either 1 or 3 
inches per second (2.54 cm/s or 7.6 cm/s) as indicated in Table 4. After treatment, 
samples 3, 4, 6 and 8 were washed by immersion in 120 ml deionized water for about an 
hour in a sonic bath. No detectable changes in the weight of the samples was found after 
extraction, indicating a durable surface. 
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Table 4, 35 gsm 
polypropylene 
meltblown fabric 



1 9/ 20% 

CuCI2 Sn-AK Rate g solid/ g solid/ Initial wet dry treatment 

Mass 



Sample 
1 


grams 
107.5 


grams 
50 


2 


107.5 


50 


3 


107.5 


50 


4 


107.5 


50 


5 


5.4 


50 


6 


5.4 


50 


7 






(control) 


0 


0 


8 






(control) 


0 


0 



850 mi- 


1mL 


(g) 


add-on 


add-on 


gsm 


ll. 075 


0.01303 


1.76 


681% 


11.9% 


4.23 


11.075 


0.01303 


1.72 


620% 


12.8% 


4.43 


11.075 


0.01303 


1.80 


629% 


13.3% 


4.83 


11.075 


0.01303 


1.66 


603% 


11.4% 


3.82 


10.054 


0.01183 


1.84 


679% 


10.9% 


4.03 


10.054 


0.01183 


1.61 


703% 


8.1% 


2.62 


0 


0.00000 


1.73 


507% 


1.2% 


0.40 


0 


0.00000 


1.69 


409% 


0.0% 


0.00 



1 

3 
1 
3 
3 
3 

3 

3 



Example 8 

A dilute suspension of modified silica nanoparticles was made by adding 3130 
grams of a 20 weight percent SNOWTEX-O® nanoparticle solution to 390 mis of an 8 
10 weight percent FeCI 3 solution. Approximately 850 ml of this suspension was used to 
immerse a film and the tip of the sonic horn of an ultrasonic machine. The film was a 
microporous calcium carbonate filled polyethylene film with a basis weight of 1 9 gsm. The 
film was was passed around an ultrasonic horn while submerged in the resulting solution 
at a rate of about 5 cm/s. The ultrasonic horn was a 2000 watt Branson 920iw bonder with 
15 a 0.5 by 6 inch (1 .27 cm by 1 5.24 cm) horn and 1:1-5 booster, available from Branson 
Ultrasonics. Tension was maintained on the film by hand so it was sliding directly across 
the submerged horn face at a rate of about 2.54 cm/s. After treatment, some of the film 
was washed by immersion in deionized water for about an hour in a sonic bath. 

The odor removal capability was tested according to the GC headspace procedure 
20 described above in Example 3. Ethyl mercaptan (2.4 ul) was the odorant and 
approximately 0.25 grams of film was used in each vial. A control film without 
nanoparticles removed about 18 percent of the ethyl mercaptan while the inventive coating 
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removed about 45 percent of the ethyl mercaptan for unwashed samples and 53 percent 
for washed samples. 

Durability Testing: An extractables study was performed on the treated film by immersing 
in water for 4 hours at 37 °C. Thereafter, the water is analyzed by inductively coupled 
plasma, as is known in the art. No iron was found in this test, which had a detectible limit 
of 64 ppm. 

As will be appreciated by those skilled in the art, changes and variations to the invention 
are considered to be within the ability of those skilled in the art. Examples of such changes are 
contained in the patents identified above, each of which is incorporated herein by reference in 
its entirety to the extent it is consistent with this specification. Such changes and variations are 
intended by the inventors to be within the scope of the invention. It is also to be understood that 
the scope of the present invention is not to be interpreted as limited to the specific 
embodiments disclosed herein, but only in accordance with the appended claims when read 
in light of the foregoing disclosure. 
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